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Introduction:  Closing-wedge  high  tibial  osteotomy  is  a surgical  option  for patients  with  isolated  medial
compartment  osteoarthritis  and  varus  knee  alignment.  Vascular  complications  are rare,  but  incriminate
the  use  of oscillating  saw  or osteotome.  It  is important  to  know  the  steps  of this  surgery  that  involve  risk
of  vascular  injury  and  what  to do to  decrease  that risk.
Hypothesis:  Performing  the  distal  osteotomy  cut using  an  oscillating  saw  is  a  step  with  high  risk  of vascular
injury.  A  protective  device  behind  the  tibia  may  decrease  this risk.
Materials  and  methods:  In this  descriptive  angiographic  cadaver  study,  closing-wedge  high  tibial
osteotomy  was  performed  on  6 cadaveric  knees  in  90◦ knee  ﬂexion,  and  the distance  between  the  surgical
instrument  and  the  popliteal  artery  was measured  on ﬂuoroscopy  with  artery  opaciﬁcation  at  the  various
steps of  surgery.
Results: Tibial  osteotomy  with  oscillating  saw  involves  high  vascular  risk: the  mean  distance  between  the
saw-blade  and  the  popliteal  artery  is  10.6  mm  in  90◦ knee  ﬂexion.  Using  a speciﬁc  device  placed  behind
the  tibia  protects  the vascular  structures.
Discussion:  High  tibial  osteotomy  is indicated  in medial  compartment  osteoarthritis  of  the  knee  and  can
be  performed  by closing  or  opening-wedge.  Vascular  injuries  in closing-wedge  osteotomy  exist  and  it is
◦recommended  to perform  this  surgery  at 90 knee  ﬂexion,  although  some  studies  report  that  this  does
not  move  the  artery  out  of  the  way.  A  risk  of vascular  lesion  should  be kept  in mind.  The  oscillation  of
the  saw  and  the direction  of the  osteotomy  should  also  be  taken  into  consideration  when  performing  a
closing-wedge  high  tibial  osteotomy  in order  to protect  the  popliteal  artery.
Study design:  Descriptive  cadaver  study.  Level  IV.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
High tibial osteotomy (HTO) is a surgical option in isolated
edial compartment osteoarthritis with varus knee. The procedure
s not free of possible complications, and the risk of lesion to the
earby popliteal artery ranges in the literature between 0.4% and
.8% [1,2]. The steps in the procedure that involve such risk need
o be known, as do the anatomic variants liable to increase it. Fol-
owing a case of popliteal artery branch lesion sustained during
losing-wedge HTO, an angiographic cadaver study was  performed
o identify the risks in the procedure by measuring the distance
∗ Corresponding author. Service de chirurgie orthopédique, centre Albert-Trillat,
niversité Claude-Bernard Lyon 1, hôpital de la Croix-Rousse, hospices civils de Lyon,
03, Grande-Rue-de-la-Croix-Rousse, 69004 Lyon, France. Tel.: +33 6 76 82 45 29.
E-mail addresses: alice.darnis@icloud.com, alice.darnis@chu-lyon.fr (A. Darnis).
http://dx.doi.org/10.1016/j.otsr.2014.07.021
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.between instruments and artery during the various steps. The study
hypothesis was that performing the distal osteotomy cut using an
oscillating saw is a step with high risk of vascular injury and that a
protective device behind the tibia may  decrease this risk.
2. Material and method
The study was  performed on 6 lower limbs from 3 whole fresh
cadavers: 3 right and 3 left knees (Anatomy Laboratory, Rocke-
feller Medical Faculty, Claude-Bernard University, Lyon, France).
The cadavers were stored at 4 ◦C and exposed to room temperature
(18 ◦C) for 12 hours before examination. Specimens with scarred
skin over the knee were excluded, and AP and lateral ﬂuoroscopy
ruled out any obvious abnormality (trauma, tumor, material). The
cadavers were positioned in dorsal decubitus, with a support hold-
ing the knee in 90◦ ﬂexion. The ﬂuoroscope was  positioned so as to
obtain the lateral view. The femoral artery was approached via the
8 ology: Surgery & Research 100 (2014) 891–894
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emoral triangle with the limb in extension, and a 16-gauge latex
robe was introduced into the artery and held in place by suture.
he posterior tibial artery was identiﬁed behind the medial malleo-
us and an opening allowed the substance injected into the femoral
rtery to be evacuated. Physiological saline was then injected via
 femoral catheter to remove any clots and to check permeabil-
ty. The arterial opaciﬁer used was Telebrix (Guerbet, France) in
 50% physiological saline solution. The various steps of closing-
edge HTO were performed following the procedure adopted in
he authors’ surgery department [3].
.1. Closing-wedge high tibial osteotomy technique
The entire procedure was performed with the knee in 90◦ ﬂex-
on. The skin incision was oblique, on the anterolateral side of the
ibia, 1 cm above the anterior tibial tuberosity and 1 cm under the
bular head. The anterior tibial aponeurosis was opened, conserv-
ng a small superior “skirt”, and the anterior tibial and extensor
igitorum muscles were released downward by raspatory. Fibular
eck osteotomy was performed with 4 holes drilled in the neck
ith a 3.2-mm bit then cutting with a Lambotte osteotome. Tib-
al osteotomy used dedicated instrumentation (Tornier HTO, Saint
smier, France). A K-wire was placed in the joint line, then a guide-
ire 1 cm below, via the instrumentation. A bone chisel was slid
long the wire, stopping 1 cm short of the medial cortex. A drill
uide was then impacted and slid along the wire, and holes were
rilled with a 6-mm bit. The blade plate was slid along the wire
nd impacted until the head was embedded in the bone. The infe-
ior osteotomy line was cut using an oscillating saw, respecting the
nterior tibial tuberosity and superior tibioﬁbular joint. A raspatory
as then placed behind the tibia, to protect the popliteal artery
Fig. 1). The raspatory was introduced laterally, in direct contact
ith the tibia, under the periosteum and forward of the soleus, lat-
ral gastrocnemius and popliteal muscles. The superior section was
ut by oscillating saw using an 8◦ guide and the bone wedge was
ithdrawn. A temporary screw was introduced in the distal frag-
ent 1 cm from the osteotomy line, and reduction was  maintained
y forceps supported by the screw and by the head of the plate,
llowing two deﬁnitive bicortical screws to be introduced through
he plate.
A ﬂuoroscopic lateral view of the knee, deﬁned by superposition
f the lateral and medial condyles, was taken after contrast medium
njection through the femoral catheter during the plate impaction
nd tibial osteotomy by oscillating saw. On each image, the scale
as given by a 2-mm diameter wire in the tibia or femur. Four
easurements were taken:
ig. 2. Measurements on ﬂuoroscopic view: distance between popliteal artery and (a) p
iameter tibial wire for calibration.Fig. 1. Left knee tibial osteotomy. Raspatory positioned behind tibia to protect the
popliteal artery.
• distance between the popliteal artery and the posterior tibial
cortex 2 cm under the joint line;
• distance between the artery and the posterior edge of the plate;
• distance between the artery and the saw-blade (with the blade
in stop position);
• distance between the artery and the raspatory at the time of tibial
osteotomy (Fig. 2).
The study was repeated on all 6 limbs, and all measurements
were taken on ﬂuoroscopic images.
3. Results
All specimens showed a classical arrangement of the popliteal
vessels. Results are presented in Table 1. The popliteal artery was
2 cm under the joint line, at a mean 11.7 mm (range, 10.2–12.8)
from the posterior tibial cortex, in 90◦ ﬂexion. When the blade
plate was introduced, some 10 mm under the joint line, the mean
distance between its posterior edge and the artery was 24.7 mm
(20.1–28.1). During distal osteotomy by oscillating saw, some
30 mm under the joint line, the saw-blade was a mean 10.6 mm
(7.5–11.8) from the artery, with the knee in 90◦ ﬂexion. The
osterior tibial cortex, (b) blade-plate, (c) oscillating saw and (d) raspatory. 2-mm
A. Darnis et al. / Orthopaedics & Traumatology: Surgery & Research 100 (2014) 891–894 893
Table  1
Distances of ﬂuoroscopic views.
Distance (mm)  Knee 1 Knee 2 Knee 3 Knee 4 Knee 5 Knee 6
Between popliteal artery and posterior tibial cortex 11.9 10.2 12.2 11.4 11.9 12.8
22.3
9.5
6.6
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It should be noted that the distance between blade and artery
was measured with the saw immobile, without allowing for blade
oscillation. In its stop position, the saw-blade is in an intermediateBetween popliteal artery and blade-plate 27.8
Between popliteal artery and saw 11.8 
Between popliteal artery and protective device 7.9 
aspatory (width, 13 mm)  behind the posterior tibial cortex pro-
ected the vessels during the sawing of the tibia; the mean distance
etween the raspatory and the artery was 7.6 mm (5.2–9.5).
. Discussion
High tibial osteotomy is indicated for medial compartment
steoarthritis with varus knee. There are, schematically, two  types
f procedure: opening- and closing-wedge HTO. Opening-wedge
TO does not involve ﬁbular osteotomy, avoiding the risks of ﬁbular
on-union and peroneal nerve lesion [4,5], but may  be compli-
ated by problems of tibial fusion. Closing-wedge HTO shows better
usion and tends to reduce tibial slope, but with greater risk for
he peroneal nerve. Song et al. [6] compared risk between the two
nd found no signiﬁcant difference in major complications. They
id, however, report two cases of compartment syndrome with
losing-wedge HTO, which can be difﬁcult to differentiate from
ascular or neural lesion: vascular lesions can induce lower limb
ompartment syndrome, which may  in turn induce neural lesions
7]. Efe et al. [2], in 199 closing-wedge HTOs, reported a 19% com-
lications rate, including 9 vascular complications: 8 deep venous
hromboses and 1 arterial lesion. Vascular lesions have also been
eported in opening-wedge HTO [8,9], and more rarely in closing-
edge HTO [7,10]. The most frequent vasculo-neural complication
n closing-wedge HTO is peroneal palsy, with incidence of 0–20% in
he literature [11]. Georgoulis et al. [7] reported 1 case of popliteal
rtery lesion with an oscillating saw, and Zaidi et al. [10] reported
 case of arterial lesion by osteotome. Anterior tibial artery lesions
re more frequent, principally due to the type IIA anatomic variant
n the Kim classiﬁcation [12], in which the artery is in direct con-
act with the posterior tibial cortex and may  be damaged by the
aw during osteotomy or by the retractors. In the present study,
o specimens showed vascular variants. Sawant and Ireland [13]
escribed a case of pseudo-aneurysm in a recurrent branch of the
nterior tibial artery.
ig. 3. Distances according to saw-blade oscillation: (a) immobile; (b) shortest dis-
ance under operating conditions. E.g., for a 50 × 20 mm blade with 5◦ oscillation
ngle, a ≈ b + 4 mm22.8 28.1 20.1 26.9
 11.4 7.5 11.7 11.5
 7.5 5.2 8.9 9.5
To minimize such risks, it is classically recommended to posi-
tion the retractors in contact with the bone, to protect the vessels,
and to perform osteotomy with the knee in 90◦ ﬂexion. Several
studies have described the movement of the popliteal artery under
knee ﬂexion and most reported that it moved away from the pos-
terior tibial cortex [14–16]. This is why we  performed our study
with knees in 90◦ ﬂexion, to demonstrate the vulnerability of the
popliteal vessels during osteotomy despite this protective maneu-
ver. The basic claim, however, is debatable: ﬂexion may  distance the
popliteal artery from the posterior femoral cortex, but the same can
probably not be said of the tibia due to the limited movement of the
vessels through the soleus tendinous arch. Zaidi et al. [10] reported
approximation of the popliteal artery to the tibia 1.5 cm under the
joint line in 12 cases out of 20 in ﬂexion; these ﬁndings are subject
to criticism, as subjects were in lateral decubitus during measure-
ment, eliminating the gravitational effect on the vessels. Smith et al.
[17], in an MRI  study performed with subjects in dorsal decubitus,
reported approximation of the popliteal artery to the posterior tib-
ial cortex at the level of the osteotomy under knee ﬂexion in 2
cases out of 9. In the present study, the mean distance between
the tibia and the artery at the osteotomy was  11.7 mm,  in 90◦ knee
ﬂexion. One study limitation is the lack of measurement in exten-
sion, for comparison. In a study with a methodology similar to the
present, Kim et al. systematically found increased distance between
the popliteal artery and the posterior tibial cortex under ﬂexion, 5
and 20 mm under the joint line [18]. Flexion also reduced popliteal
artery tension, thus decreasing the risk of surgical lesion [16,19].
We think high tibial osteotomy should indeed be performed with
the knee in ﬂexion, but keeping in mind that the vessels remainFig. 4. Area requiring protection by a device of suitable width during osteotomy.
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osition, leading to overestimation of the distance from the artery.
pproximation under operating conditions is particularly great
hen oscillation is maximal at the end of the blade, nearest to the
rtery during osteotomy. In the present study, the blade measured
0 × 20 mm with an oscillation angle of 5◦, so that the distance
as overestimated by not more than 4 mm (Fig. 3). Kim et al. [18]
tudied the risk of vascular lesion according to the angle between
he saw-blade and the frontal plane: risk increased when the angle
xceeded 30◦, despite the posterior presence of the popliteal mus-
le.
It is important to place a device in direct contact with the tibia,
o protect the vessels from the saw or osteotome; the device, a
exible metal blade or a raspatory, should be wide enough to cover
he whole cut, taking account both of the width of the saw-blade
generally 0.6 to 1.2 mm)  and the line of the cut, going obliquely
nward and upward. A more speciﬁc device may  be needed, with
 width sufﬁcient for a single positioning behind the tibia to cover
he entire height over which the blade could endanger the popliteal
rtery (Fig. 4).
. Conclusion
Closing-wedge high tibial osteotomy is a classical procedure
n medial compartment osteoarthritis, but is not without risk for
he popliteal vasculo-neural structures. The distal osteotomy per-
ormed using an oscillating saw is a step involving high risk of
ascular lesion and should be undertaken with caution, the knee in
0◦ ﬂexion, with a protective device placed in direct contact with
he posterior tibial cortex. The anatomy of the popliteal artery and
ts branches needs to be known, as do the anatomic variants liable
o increase the risk involved in knee surgery.
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